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Abstract

The strong radio sonrce PKS 1830211 consists of two compact colnponents 1o cated
011 oppbosite sides of afaiuterring of radio cinission 1 arcsccondindiameter. 11 is the
strongest radio source identified as a gravitational lens,  Previous obscrvations have
shown thiat botl compact compon en ts contain milliaresecond-scale Structure.  This
Paper p resents b Gz VLBl images of both components made at two epochs separated
by about 1 year. Significant chianges inmorphology are detected, which are not identical
in the two corn pOnents. This could result from diflerent propagation delays along the
patlis from the background source to the two Compact jnages we sce. The uselulness
of this source for cosinology is briefly discussed.

J Introd uction

The 10-Jy radio source PKS 1830-211 was first suggested to be a gravitational lens by
Rao and Subralim anyan (1 988). More recent VEA and MERLIN observations have shown
this source to he a beautiful example of a n }¥instein ring gravitational lens (Jauncey ol al.
100 1). The extragalactic nature of PKS1830 211, as inferred by Jauncey el (/1. (1991), has
been confirmed by HI absorption measuren ents (Subrahmanyan, Kesteven, and te Lintel
Hekkert 1992).

A pair of bright compact features is seen on opposite sides of the ring, atd are believed
1o be two images of a portion of the background so urce. ‘1'11(s(! twocompact components
have been observed with VI, B Tin Australia at 0.84, 2.3 and 8.4 Gz, and by subsets of
the VLBA at 1.6 and 22 Gllz. In addition, two global (VLBA - 19 VN) experiments were
carried oul in 1990 and 1991 al 5 GHz. This paper wilt concentrate on results from the
5 GHz observations. Preliminary results were presented in 1992 (Jones el al. 1{)93), but
further analysis of the data has resulted in sig nificantly higher dynamic range images since
that time. Due to the higher quality inmages now available, it is seen that the morphology of
both compact components has changed between the two b Gllz epochs. The earlier images
had shown obvious changes only in the NIS component.

2 Obscrvations and Data Analysis

The first 5 Gz VLBI epoch was 15 Novernber 19{) (), and the sccond epoch was approx-
imately 10 mont hslater 011 21September 1991, Table 1 on the following page lists the
antennas which observed during cach epoch.

Rapid visibility beating due to the wide separation of tlie two compact components
in 1'1<S 1830-211 prevented fringe detection 011 {rans- Atlantic and t rans-U. S, basclines.

Yin collaboration with the Southesn Hewdsphicre VI Experiment (S V) team. Preston of al. (1993)
lists the 34 current members of this collaboration.
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Table 1: Antenn as Participa ting in b GHz VEBI ixperiments

ipoch Antennas®

1990 s BWJI2NoLK ¢ 1 Ptla o
1991 s BWUJ2NoKnChKGKpPt

Notes: * The antenna abbreviations are those of the 11.S. and Ilur opean VI.BI network
observing schiedules.

Thus, the eflective number of basclines was considerably less than implied by the nuinber
of antennas. The second epocti (190)1 ) provided inore data due to improved performance of
several ant enna s, more short baselines, and an increase inthe source flux density.

The Mk-11recording system was used, and all data were correlated 011 the JPL/Caltech
Block 1 1 processor in Pasadena. 1ringe fitting was performed with the Al 1'S task C ALIB,
and the resulting visibilities were transferred to the - Caltech package for calibration, edi -
ing, and imaging. lrrors were calculated fromthescatterinthe 2-second visibilities during
coherentaveraging of the data over1 () seconds. The visibility amplitudes were calibrated
inthe usual way based 011 mcasured system temperatn res and (sometimes nominal) sensi-
tivities of” theantennas,

Ouc complication caused by the widely-spaced, nearly equally strong double structure
of this source is the need for anadequat e souree model for fringe fittitg d ue to the frequent
1800 jumpsinpliase onmostbaselines. arly attemn pts to use a default point sou ree model
were nol very successful, but they did allow enough data to converge so that a crude initial
map of the source could be made. The strongest few clea n components from this map
provided an adeq uate input inodel for fringe fitting to proceed successfully.

During imaging, only visibilities within 3 x 107 of the aperture planc origin were used.
Longer spacings suflered from lTow SNR, and the exclusion of these spacings also helped to
ma ke the (u, v) coverage more Il niform bet ween t he two epochs. 1 maging was carried out
within the dilference mapping prog, ram Difimap. Scveral iterations of phase self-calibration
were followed by phase and amplitude self-calibration with decreasing solution smoothing
times. In the carly iterations, when the model accounted for less flux density than seen on
the shorter basclines, the short baselines were excluded from the sell-calibration solutions.
T'his constraint was relaxed as the inputinodel flux density approached that of the shortest
basclines. Fventually the it of the source modelto thesclf-calibrated dat a achieved reduced
x? val ues less than unity for bot h ¢phrochs, suggesting that the visibility errors may be
overestimated,

limage sizes of 1024 x 1024 pixels and 2048 x 2048 pixels were used for both epochs, with
pixelsizes of 1.7 masand 1 .() masrespectively. No significant differences resulted from the
different map sizes. In all cases uniforin weighting was applied during the Fourier inversions.
Tight windowing was applied arou nd the two compact components during deconvolution,
until the final stage of mapping when the full map arca was cleanied. Windowing within
Ddifinapimproved theinitial speed of convergence betweenthe image and self-calibrated data
dramatically. Anequally important feature of Difmap wasits easy interactive data editing,
which made this usually laborious task inuch faster and enicouraged frequent examination
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of the data after sell-calibration iterations.

3 Results

Iigure 1 below shows the full field of view mapped, illustrating the very large angulay
separation of the t wo com pact components in this sou ree.
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Figure 1 : Wide field (one arcsec square) map of 1'1{S 1830-21 1 at 5 Gllz. T'he restoring,
bea mIP'WIM is 9.8 X4.9 inas with the major axis along position angle 20.2 degrees. Contour
arcal -1, 1, 2, 4, 816,32, 64, and 99% of the peak (610 mJy/beam).

The main result of this work is shown in Figure 2 on the following page. This figure
consists of closeup views of both compact components at both epochs, Ior case of com-
parison, the sccond cpoch images have been restored with the same clean beam as the first
epoch, although the actual clean beam for the second epoch is cousiderably smaller than
for the first epoch.
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N all four of the images shown in figure 2, the same surface brightness coutours have
heen 11sC(1 (-12.]), -6.25, -3.125, 3.125,6.25, 12.5,25, 50, 100, 200, 400 indy/beam). i
addition, a contour at 99% of the peak bright ness was added to €@ ch figure (5311 1y /Hheam
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for the 1 990 (D@1 and 6861y /beamforthe1 991¢poch). Therestoring beam FWHM
was 22,1 X 5.0 mas with the ma jor axis along position arigle 30.5 degrees.

Note that the peak brightness is 155 mdy/heanhigher in the second epoch. This is
consistent with the siall incrcase in b Gl total flux density €X pected from an interpolation
of 2.3and 8.4 Gllz total flux de nsity changes (see Jauncey et al. 1993). The NE component
appears Lo be responsible for most (if not al]) of this brightening,.

Ioxamination of the images in figure 2 reveals substantial changes in both the NIG and
SW compact compotents. The NI component shows a much longer and stronger extension
to the SEin 1991 thanin 1990, and the SW component shows a large increase in separation
betweenthe brightest peak and thesecondary featu re to the N W, (Thissecondary feature
is 100 weak 10 1)( scenin the maps shown by Joues ¢f al. 1993 ) Tor both the NI and SW
co mp o net s the position anigle frorn the brightest peak to the app arently moving feature
increases (counterclockwise rotation) between 1 990 and1 wi.

The separation between the three bright est freat u res in t he NE component (two of
themba rely resolved) did not ¢ ange by more than about 2 mas between the 1990 anad
1991 epochs. The relatively weak feature 18 -1 2 mas SI9 of t he brightest peakin 1990
does not appear jiihe 1997 map, but if the brightest peak inthe jet-like feature extending
towards the SE inthe 1991 nap is identified as the samne “knot”then its apparent transverse
motion is 23 :13 ma gyear.

For the SW component, 11 1990 weseea weak feature with apeak 21 -1 2 mas NW 01
t he brightest peak. In 1991, there is a weakfeature with a peak 48 21 2 1nas NW of the
brightest. peak. 1l these are the same feature, the apparent transverse motion is 33 :13
mas/ycar. The implied motion of the weak features in both the NI, and SW components of
PKS1830- 211 is ex tremcely rapid, 1 lowever, t he observed motion seen th rough a lens may
be much faster tha nthe true Proper mmotion taking place in the background radio source,
Also, of course, it is not possible to determine any proper motion unambiguously with only
two epochs.

4 Conclusions

The fact that the changes seen inthe two compact components are not iden tical could
be explained by a difference in the propagation delay along the two lines of sight. An
alternative possibility is that interstellar scattering within our galaxy is responsible for
some of the observed changes in morphology. A VI.BA experiment at 22 Gy, where such
e[l'vets should be negligible even at the low galactic latitude of PKS 1830-'211, is awaiting
correlation,  This experiment witl help determine if the angular size of the components
scales with A% as expected from scattering.

Despite continuing eflorts to obtain an unambiguous optical identification and redshift
foil'l<S 1830211 (c.g.,Djorgovsky cf al. 199 2; Jauncey et al. 199 2), the crowded fieldand
optical faintness of the object have made this task diflicult. Without knowing the distances
to the lensing galaxy or the background radio source, the detailed models developed to
explain this source (¢. g., Subralimanyan, Narasiinha, Rao, and Swarup 1990; Koch anck
1991; Nair, Narasimnha, and Rao 1993; Kochanek and Narayan 1992) cannot lead to an
cstimate of 11,0 I optical redshifts can be obtained in the future, the potential exists for an
accurate I, determination due to the strength of the source and the resulting large quantity
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of obscervational data available over a range of frequencies, time scales, and angular scale
which can be used to constrain models of the lens,

! thank 8. Unwin for providing absentee corrclation of these data, and 1. Pearson and M. Shepherd for
their exeellent VB data analysis software. This rescarch was carried out at the Jet Propulsion Laboratory,

California Institute of Technology, under contract with the National Acronautics and Space Administration.
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